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DISCLAIMER  

These guidelines were formally  adopted by the California Energy Commission on 
December 19, 2007, pursuant to Public Resources Code Sections 25780 through 
25784, and subsequently  revised to this authority  on December 3, 2008, June 23, 
2010, July 13, 2011, J anuary 9, 2013, November  9, 2016 , and XXX . 
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programs established by the CPUC (California Solar Initiative ) and the Energy Commission (New Solar 
Homes Partnership ), 
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effic

http://info.sen.ca.gov/pub/11-12/bill/sen/sb_0001-0050/sbx1_2_bill_20110412_chaptered.html
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owners to reduce electricity use aggressively with  the same measures. The GBI urged the CPUC to 
apply  its energy efficiency authority to i mprove commercial building energy efficiency by the 20 
percent goal. 
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CHAPTE R II :  
Minimum Program Requirements  

This chapter describes the minimum solar program requirements established in SB 1 and by  the Energy  
Commission. Solar energy system incentive program administrators were required to meet these 
requirements by January 1, 2008.  

Program administrators must have complied with the requirements covered in Chapters III  through V 
regarding solar energy system component standards, system design and installation standards, and 
energy  efficiency requirements by July  1, 2009. POUs with peak demand of 200 MW or less as reported 
for calendar year 2006 were required to comply  with the requirements in Chapters IV  and V by  January 1, 
2010. 

A.  Solar Energy System Definition  
As specified by the statutory definition , 
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C. Incentive Level for Publicly Owned Utilities  
Local publicly  owned electric utilities were required to offer incentives for the installation of solar energy 
systems beginning at no less than $2.80 per installed watt  (measured in alternating current, or AC), or the 
equivalent in terms of kilowatt -hours (kWh), on or before January 1, 2008.  

D.  System Location and Grid Interconnection   
The solar energy system must be located on the same premises as the consumer's own electricity demand. The 
system must be connect

http://www.gosolarcalifornia.org/
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F.   Performance Meter  
All solar energy systems shall be installed with a performance meter or an inverter with a built -in 
performance meter so that the customer can monitor and measure system performance and the quantity of 
electricity generated by the system.16 

G.  System Sized to Offset On -Site Electricity Load  
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J.  Energy Efficiency  
Chapter V of these guidelines establishes energy efficiency requirements, which were to be complied with by 
July  1, 2009.  
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http://www.gosolarcalifornia.org/equipment/pv_modules.php
http://www.osha.gov/dts/otpca/nrtl/index.html


 

10 

 



 

11 

 

In addition , each manufacturer shall work with the appropriate program administrator to determine 
suitable estimates of capacity and energy production before reserving funds. 

C. Inverters  
The document 

http://gosolarcalifornia.com/equipment/documents/2004-11-22_Test_Protocol.pdf
http://www.gosolarcalifornia.org/equipment/inverters.php
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http://www.gosolarcalifornia.org/equipment/system_perf.php
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E.     Battery Storage  
Battery  storage systems are commonly installed as an integrated component of solar energy systems. 
Integrated battery storage contributes to the collection and distribution of solar energy. Manufacturers of 
battery energy storage systems36 (BESS) or batteries may submit a request for listing on the Energy 
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Program administrators of SB 1 programs using this incentive structure shall detail the specific FII 
eligibility criteria and incentive calculation in the program handbooks.  

B.  Performance -Based Incentives  
Prov iding a PBI 37 is the preferred way to promote high -perform ing systems since the solar energy systems 
receive incentives based on the actual production (kWh) over the period  during which the incentives are 
being paid. The PBI incentive payment is calculated by multiplying the incentive rate ($/kWh) by  the 
measured kWh output.  

The PBI payments shall be made over a minimum five-year period following system installation, 
submission, and approval of incentive claim materials. Payments shall be based on a $/ kWh incentive rate 
and the actual electricity (kWh) produced in  period s established by the program administrator . 

C. Expected Performance -Based Incentives  
The expected performance-based incentive (EPBI) approach pays an upfront incentive based on 
calculated expected performance, taking into account all major factors that affect performance of the 
particular installation in a given location. This incentive method may be more appropriate than a PBI 
approach for systems installed on newly constructed buildings or for smaller systems. 

To meet the expectations of SB 1 for optimal system performance during periods of peak demand and 
IEPR policy to target PV deployment to achieve the greatest cost benefit, EPBI shall be based on time-
dependent value (TDV ) weighted hour ly generation.38  

The EPBI calculation shall be based on hourly modeling of the interactive performance of solar energy 
systems using the third -party tested performance characteristics of the specific modules and the inverter 
over the range of conditions that affect component performance. This calculation addresses all installation 
characteristics expected to affect significant ly  the performance of the components and the solar radiation, 
ambient temperature , and wind conditions expected at the site.  

The hourly performance of the system shall be based on the interaction of the components due to the 
expected conditions during each hour. The hourly production shall be weighted in each hour to account 
for the time -dependent value to the utility of that hour's pr oduction to obtain the annual time-dependent 
weighted energy results for the system (kWhTDV). The total incentive for the solar energy system is based 
upon the annual kWh TDV  performance.  

1. Hourly Photovoltaic Production Calculation  
The PV production shall be calculated using a model that complies with the following minimum 
requirements:  
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http://www.energy.ca.gov/title24/2008standards/prerulemaking/documents/E3/index.html
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http://www.gosolarcalifornia.org/documents/nshp.php
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o Azimuth . 

o Tilt . 

o Mounting offset (BIPV or rack with specific height above substrate) . 

o Height above ground (one story or higher) . 

o Electrical circuit design (modules per string and number of strings ). 

o Shading conditions (minimal shading) . 

o Other system losses (such as dirt, dust, and wiring losses). 

 

The $/kWh TDV (or the $/W before the above conversion) shall be chosen to ensure that the full range of 
improvement in performance (in kWh TDV ) is provided with increasing incentives.  

 

3.  Incentive Calculation  
The total incentive for the applicant system shall be determined by multiplying the TDV weight ed annual 
kWh production with the $/kWh TDV determined in the previous step (using the reference system).44 

TDVTDV $/kWh kWh Annual SystemApplicant  $ Incentive Total  
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prov isions.  The CPUC shall comply with the shading, performance verification, and field verification 
requirements of these guidelines.  

D.  Shading  
The method that shall be used as the minimum criteria for addressing shading is detailed in Appendix C 
Field Verification and Diagnostic Testing of Photovoltaic Systems.  

E.  Peak Load  
For systems receiving incentives under the expected performance calculation approach, the incentive shall 
be based on weighting the hourly production with TDV factors to promote systems with higher 
performance at peak load conditions. TDV factors have been developed for the 16 Building Energy 
Efficiency  Standards climate zones in California using investor-

http://www.energy.ca.gov/title24/2008standards/prerulemaking/documents/E3/index.html
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H.  Performance Monitoring and Maintenance  
All systems using the PBI approach shall have a five-year service contract49 with a performance 
monitoring and reporting service (PMRS).   

For systems using the EPBI approach, PMRS requirements shall be determined by  the program 
administrator . If multiple utilities participa te in a single solar incentive program, all utilities shall follow 
the same PMRS and cost cap requirements to ensure that these requirements are applied consistently 
across all utilities in the program.  Program administrators shall provide specific details on PMRS and cost 
cap requirements in their respective solar incentive program guidelines. 50 

For all systems, it is recommended that program administrators ensure that information regarding 
system maintenance is provided to the owner or facility manager of the property who has oversight of the 
system. The information should address, at a minimum , the following considerations:  
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CHAPTER V: 
Energy Efficiency  

This chapter specifies energy efficiency requirements that shall be met as conditions for ratepayer-funded 
incentives for newly constructed and ex isting residential  and commercial buildings. The chapter identifies 
separate energy efficiency requirements for each type of building. As an alternative to meeting these 
requirements for specific buildings, program administrators may choose to use t he Alternative Portfolio 
Energy  Sav ings Approach described in Section G of th is chapter. The energy efficiency requirements 
specified in this chapter are minimum requirements. Program administrators are encouraged to promote 
greater levels of energy efficiency as they find feasible.  

A.  Newly Constructed Buildings  
Minimum energy  efficiency criteria based upon 
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http://www.energystar.gov/
http://www.gosolarcalifornia.org/solarwater/nshp/index.php
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edition of Title 24 in effect on the date on which the building permit application is submitted to the 
building department . 

Code-compliant applications must meet current Title 24 Standards at a minimum and do not require 
energy  efficiency field verification beyond those required for Title 24 compliance. 

C. Non r esidential  Buildings  
Newly  constructed commercial building s60  may achieve higher energy efficiency levels than the requirements 
of the Building Energy Efficiency  Standards  (Title 24, Part 6)  in effect when the application for a building 
permit is submitted .  

For building permits submitted before January 1, 2010, the applicant is required to meet either of the 
following two tiers of energy efficiency:  

http://www.architecture2030.org/
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For building permits submitted after January 1, 2017 , the program administrator may determine the 
appropriate energy efficiency tiers. 

For either Tier I or II, any  equipment or appliance provided by the builder shall be ENERGY STAR-
labeled if this designation is applicable to that equipment or appliance.  

Solar water heating may be used to help meet the energy efficiency requirements of any  energy efficiency 
tier .65 

Compliance documents used to demonstrate Title 24 compliance, including the PERF-1 form66  and 
accompanying supporting forms, shall be provided as proof of attainment of the Tier I or Tier II levels. 
Compliance documents shall be completed by  persons who are CEPE- or CEA-certified  by the CABEC.  

Code-compliant applications must meet current Title 24 Standards and do not require energy efficiency 
field verification beyond Title 24 compliance.  

For commercial buildings that are constructed in phases with the shell built first and further energy 
systems installed in later phases as tenant improvements, an agreement shall be made between the 
building owner 67 and the tenant. This agreement shall obligate future tenant improvements to  install 
lighting, HVAC , and water-heating equipment necessary to meet the overall building t ier level that was 
committed to by the building owner.  A copy of the agreement shall be included with the solar energy 
system incentive application.   

D.  Existing Buildings  

1. Energy Audit, Information , and Disclosure  
Specific information about energy efficiency measures shall be provided to the building owner. The intent of 
the information is for the person responsible for paying the utility bill and the  person responsible for building 
operations to receive information on 1) the energy use of their building , 2) energy efficiency investigation 
options for their buildings, and 3) possible energy efficiency improvements. These persons may not be the 
same entity  for all applications. For these guidelines, these persons are referred to as the building 
owner/manager/ratepayer.  

The program administrator or the utilities covered by the program administrators shall provide information 
to the building owner/manager/ratepayer before the design and installation of any  proposed photovoltaic 
system to enable the building owner/manager/ratepayer to make informed decisions on energy efficiency 
investments. The building owner/manager/ratepayer shall sign and provide to the program admini strator a 
copy of the signed disclosure that certifies that this information was provided to him or her and identifies 

 

6 5  For  more information on using solar water heating to meet the energy efficiency requirements, please refer to the Go Solar 
Ca lifornia website http://www.gosolarcalifornia.org/solarwater/nshp/index.php . 

6 6  The PERF-1 form is the Performance Certificate of Compliance that is produced by compliance software used to show compliance 
w ith Title 24.  

6 7  A n agreement may be made with a developer/property manager and the tenant. 

http://www.gosolarcalifornia.org/solarwater/nshp/index.php
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which, if any , energy efficiency measures will be taken. If measures are to be installed after the installation of 
the solar energy system, then the building owner/manager/ratepayer shall declare on the disclosure when the 
measures are expected to be installed.68  

For ex isting commercial buildings with conditioned floor area of less than 100,000 square feet and for 
ex isting homes, an energy efficiency audit shall be conducted. The program administrator may allow online or 
telephone audits or may require onsite energy audits, as they specify for particular categories of customers. 
Building owners , managers, and/or ratepayers  shall be responsible for submitting a copy of the audit results 
with their solar incentive applications.  The information a nd disclosure shall be provided to the building 
owner/manager/ratepayer  v ia a Web-based information portal or paper format. The building 
owner/manager/ratepayer  shall complete and sign the disclosure form and submit a copy to the program 
administrator.  

2.  In formation to Be Provided to the Building Owner / Manager/ Ratepayer :  
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E.  Existing Commercial Buildings 

https://www.energystar.gov/istar/pmpam/
http://www.cacx.org/resources/documents/CA_Commissioning_Guide_Existing.pdf


 

28 

 

incentives, whichever is more efficient. IOUs and POUs are strongly encouraged to provide energy efficiency 
incentives for retroco mmissioning and for the installation of cost -effective energy efficiency measures, 
appliances, and equipment . 

3.  Commitment Agreement  
For buildings equal to or larger than 100,000 square feet and with a benchmark or equivalent energy 
performance rating of less than 7 5, retrocommissioning , equipment repairs and adjustments , and energy 
efficiency improvements identified through a retrocommissioning  assessment shall be completed either 
before or in conjunction with the installation of the solar energy system . Alternatively , retrocommissioning  
shall be committed to be completed later by the building owner /manager/ratepayer  through a commitment 
agreement. The commitment agreement shall indicate when the retrocommissioning will begin and commit 
the owner/ manager/r atepayer to complete equipment adjustments, or cost-effective efficiency improvements 
identified in the retrocommissioning assessment. The retrocommissioning shall begin no later than one year 
after the installation of the PV system.  

4.  Energy Efficiency Exceptions for Existing Commercial Buildings  
The specific energy efficiency requirements in these guidelines for ex isting businesses are not required for 
the following:  
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G.  Alternative Portfolio Energy Savings  
As an alternative to the requirements discussed above, program administrators may instead design and 
conduct a program that achieves a total  20 percent energy efficiency savings over the group of EPBI 
participants in their SB 1 participation portfolio. This alternative enables program administrators to pursue 
different levels of energy efficiency with different program participants over time. Program administrators 
shall prov ide the Energy Commission with a three -year plan that describes the initiatives they will take to 
achieve this level of energy efficiency savings. Program administrators shall report annually to the Energy 
Commission on their progress in achieving a total 20 percent energy efficiency savings over the group of EPBI 
participants in their SB 1 portfolio. Energy Commission staff shall rev iew the plans to determine that 
participants  will successfully achieve the 20 percent sav ings.  

The Energy  Commission may return the plan to the program administrator for further development , if it 
deems necessary. Plans shall be considered for possible approval at a regularly scheduled Energy Commission 
business meeting and, once approved and implemented, shall be used as an alternative to the specific energy 
efficiency requirements otherwise required in these guidelines. Alternative portfolio energy -saving plans shall 
be approved by the Energy Commission at its discretion and may be rejected if the Energy  Commission 
determines the plan will not result in the requisite 20  percent energy efficiency savings. If a plan is approved, 
the program administrators shall be required to report annually on their  progress of achieving the 20 percent 
sav ings. The Energy  Commission may discontinue its approval of a plan or direct an expansion or 
modification of the plan if the Energy  Commission determines that progress under the plan to achieve the 20 
percent energy savings is not being achieved.  

Program adminis trators may conform the plan to the requirements in the previous sections of this chapter for 
any  particular EPBI participating buildings in their SB 1 portfolio  and establish an alternative portfolio energy 
sav ings plan covering just the remaining EPBI participating buildings . For example, a program administrator 
may  conform the plan to the requirements in the previous sections for newly constructed buildings, both 
residential and commercial, and establish an alternative portfolio energy -savings plan just for ex isting EPBI 
participating buildings, both residential and commercial.  
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CHAPTER VI : 
Reporting Requirements  

Under SB 1, local publicly owned electric utilities are required to make available key solar program 
information. This information shall be made available to its utility customers, the California State Legislature, 
and the Energy  Commission.7 3 This information shall be made available no later than July 1 of each  
subsequent year for the duration of the program.  

These reporting requirements will provide state officials the information needed to monitor how these 
programs are progressing, ensure consistent program design and implementation, and determine what 
changes may be needed to effectively meet goals and targets established under   
SB 1. 

http://www.energy.ca.gov/sb1/pou_reports/index.html
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a. Breakdown for installations serving newly constructed buildings (Tier I vs. II, if available) and 
ex isting buildings . 

b. Breakdown by  category type, including: 

1. Residential  

a) Market -rate housing 

b) Affordable housing/low -income 

2. Commercial 

3. Nonprofit  

4. Government 

5. Industrial  

6. Agricultural  

7 . Mixed -use 

5. Amount of added solar capacity installed and expected generation: 

a. For PV systems, the solar electric capacity added in kilowatts (kWAC) and the estimated annual 
electrical generation in kilowatt hours (kWh) . 

b. For other solar electric generating systems, the solar electric capacity added in kilowatts (kWAC), 
the estimated annual electrical generation in kilowatt hours (kWh), and a description of the  
specific technology deployed. 

6. Program support activities and goals, including:  

a. Any training or builder/installer assistance, if available . 

b. Auditing of installed systems, if available . 

c. Goals in kilowatts (kWAC) for program duration, if available.  

Each local publicly owned electric utility shall submit an electronic version to the Energy Commission no later 
than June 1 of each program year. Electronic copies can be sent to renewable@energy.ca.gov or the SB 1 
pr ogram lead. 

mailto:renewable@energy.ca.gov
http://www.energy.ca.gov/sb1/index.html


 

32 

 



 

33 

 

OSEGT : Other solar electric generating technology 

PBI : Performance-based incentive 

PMRS : Performance monitoring and reporting service  

POU : Publicly  owned utility  

PV : Photovoltaic  

OSHA : Occupational Safety & Health Administration  

SB 1: Senate Bill 1 

SB 83 : Senate Bill 83 

T DV : Time-dependent value 

UL 1741 SA : UL 1741 safety standard, inclusive of Supplement SA testing 
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B.   Procedure for Removing Equipment From the Energy 
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10.4    Measurement of Temperature Coefficients7 6 

10.5   Measurement of Nominal Operating Cell Temperature (NOCT)  

10.6   Performance at Standard Test Conditions (STC) and NOCT 

10.7   Performance at Low Irradiance 

IEC Standard 61646:2008  Sections 

10.2 Maximum Power Determination  

10.4 Measurement of Temperature Coefficients7 7 

10.5 Measurement of NOCT 

10.6 Performance at STC and NOCT 

10.7 Performance at Low Irradiance  

10.19 Light -Soaking 

Manufacturers providing certification to UL 61730 as proof of safety  certification shall comply with the 
prov isions of UL 61730-2, Annex DVA, by sampling production modules as defined. 

For manufacturers electing to use UL 1703 (as allowed in Chapter III, Section A), t he factory-measured 
maximum power of each production module, as specified in UL  1703, Section 44.1, and the lower bound 
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Table B.1: Module Performance Parameter Testing  

Param eter  Sym bol  Units  Notes  

Maximum Power  Pmax Watts 1, 5 

Voltage at Maximum Power  Vpmax Volts 1, 5 

Current at Maximum Power  I pmax Amps 1, 5 

Open Circuit Voltage Voc Volts 1, 5 

Short Circuit Current  I sc Amps 1, 5 

Nominal Operating Cell Temperature  NOCT °C 3 

Temperature Coefficients  
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currently identified testing requirements for li st eligibility. Optional 
Performance Testing  for PV Modules  

Starting on the effective date of these guidelines, the Energy Commission will accept additional 
performance testing results acquired in accordance with the currently active version of IEC 61853, 
Photovoltaic (PV) module performance testing and energy rating . The testing shall be conducted by a 
laboratory with accreditation to ISO/IEC 17025 from an accreditation body that has signed the ILAC 
MRA, and that has an accreditation scope that includes the applicable version of IEC 61853. 

Manufacturers that elect to provide this data shall submit the test report produced by the testing 
laboratory. This data will be inclusive of the maximum power, open circuit voltage, short circuit current, 
and voltage at maximum power at the different testing conditions specified in the standard. The data 
prov ided may be used to evaluate the PV module performance and the effects if temperature and radiation 
variances. 

2.  Mounting Specifications for NOCT T esting for Building I ntegrated 
Photovoltaic (BIPV) Modules Intended for Roof - Integrated Installations  

Tilt Angle: The test modules shall be positioned so that they are tilted at 23o ± 5 o (5:12 roof pitch) to the 
horizontal.  

Configuration:  The test modules shall be in the middle of an array  that is at least four feet high and four 
feet wide. The array  shall be surrounded on all sides with a minimum of three feet of the building system 
for which the BIPV system is designed to be compatible, and the entire assembly shall be installed and 
sealed as specified by the manufacturer for a normal installation.  

Substrate and Underlayment:  The test modules shall be installed on a substrate of oriented strand board 
with a minimum thickness of 15/32 -inch that is covered by #30 roofing fe lt with a minimum R -10 
continuous insulation under and in contact with the oriented strand board and include any other 
manufacturer -recommended underlayments.  

3.  Grouping of Modules for T esting  
For testing and reporting of performance values, families of sim ilar modules may be grouped together to 
reduce the required number of tests.  

Module similarity for grouping of modules for testing shall be determined by the ISO/IEC 17025 
accredited laboratory performing the additional testing as required on pages B-1 and B-2. IEC TS 62915, 
Photovoltaic (PV) Modules 



 

B-5 

 

Each group can be further categorized into subgroups where one model number will have further testing 
performed. All model numbers included in the subgroup shall have the same number of cells. The 
subgroup may contain model numbers such that the highest STC power rating in the subgroup is 110 
percent (rounded to the nearest watt) of the tested model number STC rating of the subgroup and the 
lowest STC power rating in the subgroup are 90 percent (rounded to the nearest watt) of the tested model 
number STC rating of the subgroup. The tested model number in each subgroup shall be tested for: 

Performance at STC: 

1. Short-circuit current  

2. Open-circuit voltage 

3. Current at maximum power  

4. Voltage at maximum power 

5. Maximum power  

Performance at NOCT: 

1. Current  at maximum power  

2. Voltage at maximum power  

Performance at low irradiance:  

1. Current  at maximum power  

2. Voltage at maximum power  

Example: If a manufacturer has a family  of identical modules with STC power ratings of 160 W, 
165 W, 17 0 W, 175 W, 180 W, 185 W, 190 W, 195 W, and 200 W, the following testing is required. 
For the 190 W module, NOCT determination and temperature coefficient testing shall be 
performed.  The results from these tests are applicable to the entire group of modules. Subgroups 
can then be created as follows: 

175 W, 180 W, 185 W, 190 W, 195 W, and 200 W 

160 W, 165 W, and 17 0 W 

For the 190 W and 165 W modules, the specified performance testing at the following conditions 
shall be performed: STC, NOCT, and low irradiance. The results from these tests apply to the 
modules in the respective subgroup.  

 

4.  Additional Optional Testing for PV Modules  
The Energy  Commission will identify photovoltaic modules that have voluntarily completed additional 
testing, in accordance with the currently active version of IEC 61215, Terrestrial photovoltaic (PV) 
modules - Design qualification and type approval  (all parts, beyond the required minimum testing for 
eligibility. The testing shall be conducted by a laboratory with accreditation to ISO/I EC 17025 from an 
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accreditation body that has signed the ILAC MRA, and that has an accreditation scope that includes the 
applicable version of IEC 61215. Module similarity for grouping of modules for testing shall be determined 
by  the ISO/IEC 17025-accredited laboratory performing the optional testing. IEC TS 62915 shall be used 
for guidance. 

Listings may also reflect additional optional data for PV modules. These optional data may be voluntarily 
submitted to support additional identification of design and performance characteristics on the eligible 
equipment list for PV modules. Any optional information or data provided will not be part of the eligibility 
requirements to be added to the list. 

B.  Inverters  
All inverters shall have certification conducted by a NRTL7 8 to UL 1741. Smart inverters, as defined in 
Chapter III, Section C, shall additionally provide applicable documentation as follows:  

http://www.gosolarcalifornia.org/equipment/documents/2004-11-22_Test_Protocol.pdf
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produced from the Maximum Continuous Output Power test, and 4) to reduce time for each test 
condition, begin at the highest power level and go to the lower power levels. If done in this order , 
it will be necessary only to wait for temperature stabilization at the 100 percent power level. In 
addition, the unit only needs to be operated at full output power for one hour, rather than 2.5 
hours, and no preheating is necessary if the Conversion Efficiency test is performed within 1 hour 
of full operation under test ,5.4 provided the unit has not been exposed to ambient temperature of 
less than 22°C. 
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reporting schedule is monthly and 7 days of data if the 
standard reporting schedule is daily. Meters that do not 
remotely report the data shall retain 60 days of data. In all 
cases, meters shall b e able to retain lifetime productio n.    
Battery Storage  

All battery energy storage systems and batteries shall have certification conducted by a NRTL to UL 9540 
and UL 1973, respectively. Each equipment must have a unique model number; the model number shall 
be included in the certification. NRTL certification testing shall include all of the technology -appropriate 
appendices and annexes from UL 9540 or UL 1973. 

Proof of other safety testing and certifications exceeding the above minimum safety requirements may be 
reflected on the equipment lists. 
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1. Responsibilities  
Field verification and diagnostic testing are the responsibility of both the PV system installer and the 
verifier who completes the third -party field verificat ion. The PV installer shall perform the field 
verification and diagnostic testing procedures in this document for every system that is installed . The 
verifier then performs independent third -party field verification and diagnostic testing of the systems. The 
third -party field verification shall be conducted on a minimum sample of 1  in 7  projects, or 1 in 12 projects 
if the additional requirements in Chapter IV  are met.  

The field verification and diagnostic testing protocol is the same for both the PV installer and the verifier. 
The protocol anticipates that the PV installer will have complete access to the system that  the verifier may 
not have. For rooftop systems, the measurements required by this protocol are not required to be 
completed on the roof, but more accurate measurements are possible with roof access. The measurements 
required by the protocol may be performed in multiple ways as described in the subsections below.  

EXCEPT IONS:  The program administrator may waive the installer requirement to follow the field 
verification protocol under one of the following conditions:  

1. The program requires field verification on 100 percent of the systems (without using sampling 
approach).  

2. The installer follows the alternate protocol described in the Installer System Inspection section 
later in this appendix and signs a certificate of hav ing completed the same. 

2.  Field Verification and Diagnostic Testing Process  
The field verificatio n and diagnostic testing of solar systems follow the process described below. A solar 
system is one or more strings of PV modules connected to one inverter81. Documentation of the process 
uses three forms that are counterparts to the compliance forms used for the Building Energy Efficiency 
Standards .  

1 . The applicant enters the necessary input data into a calculator , which produces an output report 82 
that documents the specific modules, inverters, and meters that are used in each solar system that 
is installed on the building, the anticipated shading of each system (either the intent for the 
system to meet the minimal shading requirements or the actual shading that is anticipated), and a 
table of predicted AC power output for each system over a range of solar irradiance and ambient 
air temperature. The output report  shall be provided to the program administrators at application 
time.  

2. Once each solar system is installed, the PV installer completes either  the field verification and 
diagnostic testing protocol or the alternate protocol for each solar system on the building and 

 

81 This definition of a solar sy stem is applicable for field verification as outlined in this appendix only and not for program 
administration related to system size or program participation criteria. Multiple sy stems, such as microinverter -based systems, may 
be g rouped for field verification using the sampling approach. 

82  For  NSHP, the output report is the CF-1R-PV Certificate of Compliance Form.  
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documents the results on the installer field verification certification 83, verifying that the 
installation is consistent with the calculator output report . The PV installer documents and 
certifies that the PV system meets the requirement of this appendix and provides a copy of the 
installation certificate  to the owner/builder and to the verifier 84.  

3. The verifier completes independent third -party field verification and diagnostic testing of each 
solar system and documents the results on the photovoltaic system inspection form 85, 
independently verifying that the installation is consistent with the calculator output report . The 
veri fier provides a copy of the certificate of field verification and diagnostic testing to the 
owner/builder (and the HERS prov ider in the case where HERS raters are used for field 
verification).  

4. The payment claim shall be based on system characteristics that produce expected performance 
calculations that are no better than calculations based on the characteristics reported in the 
certificate of field verification and diagnostic testing . 

In conjunction with the installation certificate , the applicant shall provide to the installer and 
verifier a site plan that for each lot:  

a) I dentifies the height category (small, medium, or large)  of all pre-existing, planted, and 
planned trees and the location and height of any  structures that  will be built on the lot and 
neighboring lots of the building with the solar system .  

b) Shows the bearing of the property lines and the azimuth and tilt or roof pitch of each PV 
array . 

EXCEPT IONS : A program administrator may exempt the following requirement s for all retrofit 
projects (residential and nonresidential) : 

1. Site plan showing property lines . 

2. Identification of unknown future trees.  

3. Identification of neighboring structures that are not already constructed or that are 
unknown to be planned for construc tion in the future.  

5.  The applicant shall also provide the verifier a product specification (cut  sheet) for the modules, 
inverter , and meter for the specific system, along with an invoice or purchase document that  
specifies the make and model of PV modules installed in the project.  

3.  Relationship to Other Codes, Standards , and Verification  
The local jurisdiction must issue a building permit for the qualifying PV system, either as a separate 
permit or as part of the new construction building permit or retrofit application . The PV system must 

 

83  For  NSHP, the installer field verification certification is the CF -6R-PV Installation Certificate.  

84  The installer certificate shall be submitted to the program administrator if the field verification is the responsibil ity of the 
program administrator and assigned to a field verifier thereafter.  

85  For  NSHP, the photovoltaic system inspection form is the CF-4R-PV Certificate of Field Verification & Diagnostic Testing.  
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meet all applicable electrical code, structural code, and building code requirements. In addition, the local 
electric utility will have standards regarding interconnection to the electric grid and other matters that  
shall be complied with.  

The field verification and diagnostic testing procedures described in this document do not substitute for 
normal electrical, structural , or building plan check or field inspection. Nor do they substitute for field 
verification by the local utility regarding interconnection to the electric grid.  

4.  Field Verification Visual Inspection  
The v isual inspection described in this protocol verif ies that the modules, inverter , and meter specified in 
the calculator output report  are properly i nstalled in the field. The verifier shall use binoculars or another 
means to v iew the installation if access to the system is restricted due to insurance and liability reasons 
(sloping or unprotected rooftop access, for example) and shall verify the models and numbers of modules 
against the cut sheet/invoices. The verifier may rely on photographic evidence provided by the installer on 
the models and numbers of modules, standoff distance, and shading. In the absence of such evidence, the 
verifier shall rely 
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system, within ± 5 degrees 86 . In some systems, PV modules may be installed in multiple arrays with 
different tilts a nd azimuths; in these cases, the tilt and azimuth of each array shall be confirmed .  

i.  Determining Tilt  

The tilt angle of the PV modules is measured in degrees from the horizontal. (Horizontal  PV modules will 
have a tilt of zero, and vertically mounted PV mo dules will have a tilt of 90 degrees.) The tilt of the PV 
modules may be determined in the following ways: 

Using the Building Plans : The as-built or construction drawings for the building will state the slope of 
the roof, usually as the ratio of rise to run. If the PV modules are mounted in the plane of the roof , then 
the slope of the PV modules is the same as the slope of the roof. Table C.1 may be used to convert rise-to-
run ratios to degrees of tilt.  
 

Table C.1: Conversion of Roof Pitch to Tilt  

Roof Pitch (Rise:Run) Tilt (degrees) 

2:12 9.5 

3:12 14.0 

4:12 18.4 

5:12 22.6 

6:12 26.6 

7:12 30.3 

8:12 33.7 

9:12 36.9 

10:12 39.8 

11:12 42.5 

12:12 45.0 

Source: California Energy Commission 

Using a D igital Protractor : A digital protractor may be used to measure either horizontal or vertical 
angles (Figure C.1). These devices, when sighted up the slope of the PV modules from the ground, will 
display  the slope relative to the horizontal.  

Figure C. 1: Digital Protractor  

 

86  Program administrators may choose a tighter tolerance for their program.  
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Source: California Energy Commission 

ii.  Determining Orientation (Azimuth)  

The PV installer and the verifier shall determine the orientation by measuring the azimuth of the PV 
modules and confirm that the azimuth is the same as that used to determine the expected performance of 
each solar system. The convention that is used for measuring azimuth is to determine the degrees of angle 
clockwise from north ; north azimuth is zero degrees, east is 90 degrees, south is 180 degrees, and west is 
27 0 degrees. (See Figure C.2.)  

 

Figure C. 2: Azimuth of the PV Array  

 

Source: California Energy Commission 

The following methods may be used to determine the azimuth.  

Using the Plot Plans : In new subdiv isions, the house plans will often not show the property lines since 
the plans are used on multiple lots. However, the subdivision plot plan will show the property lines of the 
lots. The plot plan will show the bearing of the property lines, and from this information , the azimuth  of 
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the roof surfaces where the PV modules are mounted may be determined from the position of the house 
on the lot relative to the bearings of the property lines.  

Figure C.3 shows an example plot plan with a house located on it. In this case, the house does not align 
with any  of the property lines but is rotated 15 degrees from the westerly property line as shown. Property 
lines on plot plans are typically labeled in terms of their bearing, which is the direction of the line. The 
westerly property line is 
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ii.  Any part of the neighboring terrain .  

iii.  Any tree that is mature at the time of installation of the solar system . 

iv. Any tree that is plant ed on the building lot or neighboring lots or planned to be planted as part 
of the landscaping for the building . (The expected shading shall be based on the mature height 
of the tree.)  

v. Any ex isting neighboring building  or structure . 

v i. Any planned neighboring building  or structure  that is known to the builder or building owner. 

v ii.  Any telephone or other utility pole that is closer than 30 feet from the nearest point of the array.  

 

Figure C. 5: The Minimal Shading Criterion 



 

C-10 

 

The PV installer and the verifier may confirm through v isual inspection that all obstructions meet the 2:1 
criterion . (An altitude angle of 26.5 degrees is equivalent to the 2:1 criterion .) For obstructions that visual 
inspection indicates potentially do not meet the criterion, the PV installer and verifier shall measure the 
height and distance of the obstruction(s) relative to the PV array as described above to verify that the 2:1 
shading criterion (or a lower than 26.5 altitude angle through the same points on the obstruction and array) is 
met. A tolerance of ± 5 percent will be permissible when determining the ratio  (or the altitude angle) . 

b.  Accounting for A ctual Shading  

When a PV installation does not meet the minimal shading criterion, it can still qualify for an incentive 
and participate in the program, but the shading conditions for each PV system at the site shall be 
accounted for in the expected performance calculation as described in this section. The basic method is 
used when the shading condition is measured using a tape measure or a digital protractor. A different 
method is used when measurements are made with a solar assessment tool.  

When a tape measure or digital protractor is used to measure shading obstructions that are accounted for 
in the expected performance calculation, the calculator will produce on the output report  a table similar to 
Table C.2 that shows the distance-to-height ratio and altitude angle for the closest point on the array for 
each obstruction , including mature trees that shade the PV array. This table divides the compass into 11 
(about  22.5 degree) sectors, progressing clockwise around the compass from north. The table provides the 
distance-to-height ratio and altitude angle for each sector of the compass. When there is more than one 
obstruction in a sector, the information is reported for the obstruction with the lowest  distance-to-height 
ratio (highest alti tude angle). The distance-to-height ratio will be a number less than or equal to two 
because if it is greater than two, the minimal shading criterion is satisfied in that direction , and shading is 
not considered in the expected performance calculation for that sector. The table also shows the minimum 
distance to small, medium , and large trees to meet the minimal shading criterion for trees that are not at 
mature heights. The data in Table 2 are specific to a particular PV system installation. In this example , the 
minimal shading condition is not met for five sectors of the compass 
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Table C. 2: Example Output Report Format for PV Shading  

Orientation Obstruction Type 

Altitude Angle to 
Shading 
Obstruction 

Distance-to-
Height Ratio 

Minimum 
Distance to 
Small Tree 

Minimum 
Distance to 

Medium Tree 

Minimum 
Distance to 
Large Tree 

ENE (55 
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altitude angle for each obstruction in each compass sector shall be smaller than or equal to that used in 
the expected performance calculation as reported on the output report . (See the third  column in  Table 
C.2.) To use the digital protractor measurement directly, the measurement shall be made from the roof. 
Alternatively, the digital protract or measurement may be made from the ground, and trigonometric 
adjustments will be required to correct for the height difference between the ground, where the 
measurements are made, and the point of maximum shading of the PV array in that compass sector.  

This method does not address expected shading resulting from the mature heights of planted immature 
trees or planned trees. To determine distances for planted immature trees, a tape measure should be used. 
The height measurement for trees that are immature shall be based on the Mature Tree Height section 
below. Determining the distances and heights of obstructions for buildings and structures that are 
planned but have not yet been constructed shall be based on plans for those structures.  

iii.  Using a Solar Assessment Tool 

For shading from ex isting obstructions shading conditions may be verified using a solar assessment tool. 
This procedure will typically be used by the PV installer, but the verifier may not have direct access to the 
array  and, if not, would rely on the adequacy of documentation by  the installer to confirm the shading 
conditions . 

At each measurement point, the tool  is placed on the PV array, leveled, and oriented consistent with the 
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(a) This diagram show s the 22.5 o compass sectors used by 
the PV Calculator and the altitude angles determined by a 
solar assessment tool for a single point of reference on the 
array.  
 

(b) Within each compass sector, the highest altitude angle is 
selected and used for that entire sector. This datum is show n 
for a single point of reference on the array.  

Source: California Energy Commission 

 

Measurements shall be made at all the major corners of the array with no adjacent measurement being 
more than 40 feet apart. (See example in Figure C.9.) The points of measurement shall be distributed 
evenly between two major corners if they  are more than 40 feet apart such that the linear distance 
between any  sequential points is no more than 4 0 feet. However, if any  linear edge of the array has no 
obstructions that are closer than two times t he height they project above the closest point on the array, 
then the intermediate measurements along that edge do not need to be made. 

1. The altitude angles measured at each major corner shall be overlapped onto a single diagram or 
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Figure C.7: Example of Combining the Maximum Altitude Angle in the 
11 Compass  Sectors  for  Four  Points on the Array  

Azimuth   Altitude 
angle 

ENE (55 
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2. Alternatively, the maximum altitude angle measured at each of the major corners of the array may 
be reported for each 1 degree increment of the azimuth. This would create a set of 360 values, one 
for each degree of the compass orientation. These values may be electronically transferred to the 
calculator, depending on the implementation by  the program administrator.  

 

Figure C. 8: Example of Combining the Altitude Angles Measured at Four  Points on 
the  Array  on a Per-Degree Azimuth Increment  

 

Source: California Energy Commission 

 

The installer shall attach the diagram shown in Figure C.8 to the installation certificate , along with 
photographic evidence of the shading shown on the tool , the location of the tool  on the array, and the 
shading obstructions that are indicated on the tool, for the verifier to verify the results shown on the 
diagram.  

This method does not address expected shading resulting from the mature heights of planted immature 
trees or planned trees or expected construction of buildings or other structures on neig hboring lots.  To 
determine distances for planted immature trees , a tape measure should be used. The height measurement 
for trees that are immature shall be based on the Mature Tree Height section below. Determining the 
distances and heights of obstructions for buildings and structures that are planned but have not yet been 
constructed shall be based on plans for those structures. Such shading shall be addressed separately.  
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The results determined by the tool in combination with the expected future shading d escribed above are 
compared to the data used in the expected performance calculations to ensure that there is not greater 
shading at the site than was used in the expected performance calculations.  

d.  Measuring Solar Availability  

As an alternative to measuring heights and distances or altitude angles, program administrators may 
allow the use of solar availability as a method to estimate the shading effect on hourly production. The 
following method shall be followed when the  solar availability is used in a calculator. Program 
administrators may determine the appropriate tolerance related to this method for field verification.  One 
reason for this tolerance is to account for the potential for user error when measurement tools are used. 

i.  Using a Solar Assessment Tool 

The measurements shall be made at all the major corners of the array with no adjacent measurement 
being more than 40 feet apart. (See example in Figure C.10.) The points of measurement shall be 
distributed evenly between two major  corners if they  are more than 40 feet apart such that the linear 
distance between any sequential points is no more than 4 0 feet. However, if any  linear edge of the array 
has no obstructions that are closer than two times the height they project above the closest point on the 
array , then the intermediate measurements along that edge do not need to be made. 
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Figure C. 9: Example of Points Where Measurement Shall Be Mad e Using a Solar Assessment Tool 
(Overall Array Dimensions  76 feet by 50 feet)  

 

       
       
       
       

        
        
        

        

        
        

        
        

 

Source: California Energy Commission  

 

ii.  Monthly Solar Availability  Option  

The monthly solar availability  shall be reported by the tool as monthly values averaged over all the points 
of measurement and averaged as monthly solar availability numbers (7  a.m. to 7  p.m. local standard 
time) , except for June through September, where three periods in every day of the month shall be 
reported. Program administrators may weigh the monthly solar availability  during peak periods (noon to 
3 p.m. and 3 p.m. to 7  p.m.) during summer using TDV -based weighting factors determined by the Energy 
Commission. Each value shall be reported as a percentage of the unshaded insolation available on the 
array  during the period given the location, azimuth , and tilt. The monthly solar availability  shall be 
reported in the format shown in Table C.3. 

When using monthly so lar availability  values in the PV production calculations for incentive, the values 
shall be applied to the estimate of unshaded production for the applicable month using the following 
equation. If the kWh shaded value determined using this equation is negative, the production for the month 
is set to zero. 

kWh shaded =   kWh unshaded  x (1- (1- Availability/100) x  Shade Impact Factor)  

 

Where: 

1 3 

4 5 

6 8 

2 

7 

9 



 

C-18 

 

 kWh shaded  =  kWh produced in the month including the effect of shading  

 kWh unshaded  =  kWh produced in the month if the  array  was completely unshaded 

 Availability  = Solar availability for the month  

 Shade Impact Factor = Factor that accounts for production loss due to shading  

 

The default shade impact factor shall be 2.0. The doubling of shade loss accounts for the disproportionate 
effect on production due to partial shading on modules and strings. Technologies that can demonstrate 
effective tolerance to partial shading losses in a system shall be considered by the Energy Commission for 
a lower shade impact factor. 

 

Table C.3: Example of Monthly Solar Availability Table  

Month  

 7  am  to 7  pm  

1 7 4% 

2  83% 

3  91% 

4  94% 

5  95% 

 7  am  to 12 noon  12 noon  to 3 pm  3pm  to 7  pm  

6  89% 100% 100% 

7  89% 100% 100% 

8  88% 100% 98% 

9  89% 100% 88% 

 7  am  to 7  pm  

10  88% 

11 7 6% 

12 67 % 

Source: California Energy Commission 

 

iii.  Hourly Solar Availability Option  

As an alternative to the monthly solar availability , the hourly solar availability option  may be used. The 
solar availability shall be reported by the tool as hourly values averaged over all the points of 
measurement. Each value shall be reported as a percentage of the unshaded insolation available on the 
array  during the hour given its location, azimuth , and tilt. The hourly solar availability values shall be 
prov ided by the solar assessment tools as an electronic file with the 8,760 values representing each hour 
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of the year. The file format and security of data transfer shall be determined based on the implementation 
of the PV production calculator.  

When using hourly solar availability  values in the PV production calculations for incentive, the values 
shall be applied to the estimate of unshaded hourly production for the applicable hour using the following 
equation. If the kWh shaded value determined using this equation is negative, the production for the hour is 
set to zero. 

kWhshaded =   kWhunshaded  x (1- (1- availability/100) x  shade impact factor ) 

Where: 

  kWhshaded  =  kWh produced in the hour including the effect of shading 

  kWhunshaded  =  kWh produced in the hour if the array  was completely unshaded  

Availability   =  Solar availability for the period including the hour  

Shade impact factor  = Factor that accounts for production loss due to shading 

The default shade impact factor shall be 2.0. The doubling of shade loss accounts for the disproportionate 
impact on production due to partial shading on modules and strings. Technologies that can demonstrate 
effective tolerance to partial shading losses in a system shall be considered by the Energy Commission for 
a lower shade impact factor. 

e. Mature T ree Height  

The expected performance calculations require the mature height to be used when accounting for the 
shading effect of planted immature trees and planned trees. This section provides guidelines for 
determining the mature height of such trees. Applicants shall identify the height category (small, medium, 
or large) of all planted and planned trees at the site. That information shall be documented in conjunction 
with the installation certificate  and provided to the verifier for confirmation . Any existing tree with a 
height greater than 50 feet at the time observations are made shall be recorded with the actual height 
instead of the height category of the tree species. 

All trees are classified as small, medium, or large by species. Trees with a mature height of 20 feet or 
smaller are small trees. Trees with a mature height greater than 20 feet but less than 50 feet are medium 
trees. Trees with a mature height greater to or equal to 50 feet are large trees. If the type of tree is 
unknown, it shall be assumed to be large. The mature heights of small, medium, and large trees that shall 
be used in the expected performance calculations are 20 feet, 35 feet, and 50 feet, respectively.  
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For trees not listed in the tree selection tables of the tree guides, the Sunset Western Garden Book should 
be consulted. This document provides the mature height range or maximum height for each species. If a 
range is given, the average of the maximum height range should be used to determine if the tree is small, 
medium, or large . 

 

Table C. 4: Appropriate Tree Guide  to Use for Each California Climate Zone  

 

CEC Climate 
Zones 

Tree Regions Tree Guide to Use   

1, 2, 3, 4, 5 Northern 
California 
Coast 

Under Development (Use Sunset Western Garden Book)  

6, 7, 8 Southern 
California 
Coast 

McPherson, E.G., et al. 2000. Tree guidelines for coastal 
Southern California communities. Sacramento, CA: Local 
Government Commission 

Chapter 5, 
pages 57-
65 

9, 10 Inland Empire McPherson, E.G., et al. 2001. Tree guidelines for Inland 
Empire communities. Sacramento, CA: Local Government 
Commission 

Chapter 6, 
pages 65-
82 

11, 12, 13 Inland 
Valleys 

McPherson, E.G., et al. 1999. Tree guidelines for San 
Joaquin Valley communities. Sacramento, CA: Local 
Government Commission 

Chapter 5, 
pages 50-
55 

14, 15 Southw est 
Desert 

McPherson, E.G., et al. 2004. Desert southw est 
community tree guide: benefits, costs and strategic 
planting. Phoenix, AZ: Arizona Community Tree Council, 
Inc. 

Chapter 7, 
pages 51-
53 

16 Northern 
Mountain and 
Prairie 

McPherson, E.G, et al. 2003. Northern mountain and 
prairie community tree guide: benefits, costs and strategic 
planting. Center for Urban Forest Research, USDA Forest 
Service, Pacif ic Southw est Research Station.  

Chapter 5, 
pages 47-
55 

Source: California Energy Commission 

 
Table C.5 shows the horizontal distance that trees of each mature height category would need to be 
located from nearest point of the PV array to meet the condition of minimal shading.  

 
 
 
 
 
 
 
 

Table C. 5: Horizontal Distance Trees Would Need to Be Located From the Closest Point of a  
PV Array to Qualify for Minimal Shading  
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Mounting Location  Small Tree (20 ft) Medium Tree (35 ft) Large Tree (50 ft) 

1 Story (Low est Point of Array at 12 ft) 16 46 76 

2 Story (Low est Point of Array at 22 ft) Any Distance 26 56 

3 Story (Low est Point of Array at 32 ft) Any Distance 6 36 

Source: Energy Commission 

 

6.  Verification of System Performance  
For EPBI systems, the PV installer and verifier shall confirm that the AC power output  from the PV 
system is consistent with that predicted by the expected performance calculations. A calculator will 
determine an estimate of system AC power output  for a range of solar irradiance and outdoor air 
temperature conditions and print a table on the output report . The values in the table will be 90 percent of 
the output estimated by a calculator for each set of conditions in the table. (The calculations also include 
the default adjustment of 0.88 for losses such as dirt, dust, and mismatched wiring .) The values in the 
table are for an unshaded array. An example of the data that will be produced is shown in Table C.6. The 
data in the table  are specific to each PV system. 

Verification of system performance shall be performed after the PV system is installed and connected to 
the electricity grid. Measurements shall be made with a minimum irradiance of 300 W/m² in a plane 
parallel to the array. The PV installer and/or the verifier shall : 
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Table C. 6: Example Table of Expected AC Power Output From Calculator (Watts)  

(W/m²) T=15 T=20 T=25 T=30 T=35 T=40 T=45 T=50 T=55 T=60 T=65 T=70 T=75 T=80 T=85 T=90 T=95 T=100 T=105 T=110 T=115 T=120 

300 614 606 599 591 584 576 568 560 553 544 536 528 520 512 504 496 487 479 471 463 454 446 

325 665 657 648 640 632 623 615 607 598 590 581 572 564 555 546 537 528 519 510 501 492 483 

350 716 707 698 689 680 671 662 653 643 634 625 616 606 597 588 578 569 559 550 540 530 520 

375 766 757 747 738 728 718 708 699 689 679 669 659 649 639 629 619 609 598 588 578 568 557 

400 817 807 797 786 776 765 755 745 734 723 713 702 691 681 670 659 648 637 626 615 604 593 

425 868 857 846 835 824 813 802 790 779 768 757 745 734 722 711 699 688 676 664 653 641 629 

450 918 907 895 883 872 860 848 836 824 812 800 788 776 764 752 739 727 715 702 690 677 665 

475 967 955 943 931 919 907 894 882 869 856 843 831 818 805 792 779 766 753 740 727 714 700 

500 1016 1004 991 978 966 953 940 927 913 900 887 873 860 846 832 819 805 791 777 763 750 736 

525 1065 1052 1038 1025 1012 998 984 971 957 943 929 915 901 887 872 858 843 829 814 800 785 770 

550 1113 1099 1085 1071 1057 1043 1029 1014 1000 986 971 956 942 927 912 897 882 866 851 836 820 805 

575 1161 1147 1132 1117 1102 1088 1073 1058 1043 1027 1012 997 982 966 951 935 919 903 887 871 855 839 

600 1209 1194 1178 1163 1147 1132 1116 1100 1085 1069 1053 1037 1021 1005 989 972 956 940 923 906 890 873 

625 1256 1240 1224 1208 1192 1176 1159 1143 1126 1110 1093 1077 1060 1043 1026 1009 992 975 958 941 924 906 

650 1302 1286 1269 1252 1236 1219 1202 1185 1168 1150 1133 1116 1098 1081 1063 1046 1028 1010 992 974 957 939 

675 1348 1331 1314 1296 1279 1261 1244 1226 1208 1190 1172 1154 1136 1118 1100 1081 1063 1045 1026 1007 989 970 

700 1394 1376 1358 1340 1322 1304 1285 1267 1248 1230 1211 1192 1174 1155 1136 1117 1098 1078 1059 1040 1021 1001 

725 1439 1420 1401 1383 1364 1345 1326 1307 1288 1269 1249 1230 1210 1191 1171 1151 1132 1112 1092 1072 1052 1032 

750 1483 1464 1444 1425 1405 1386 1366 1346 1327 1307 1287 1267 1246 1226 1206 1185 1165 1144 1124 1103 1082 1061 

775 1526 1506 1487 1466 1446 1426 1406 1385 1365 1344 1323 1303 1282 1261 1240 1219 1198 1176 1155 1134 1112 1090 

800 1569 1549 1528 1507 1486 1466 1445 1423 1402 1381 1360 1338 1317 1295 1273 1252 1230 1208 1186 1164 1141 1119 

825 1611 1590 1569 1547 1526 1504 1483 1461 1439 1417 1395 1373 1351 1328 1306 1284 1261 1238 1216 1193 1170 1147 

850 1653 1631 1609 1587 1565 1542 1520 1498 1475 1452 1430 1407 1384 1361 1338 1315 1292 1268 1245 1221 1198 1174 

875 1693 1671 1648 1626 1603 1580 1557 1534 1510 1487 1464 1440 1417 1393 1369 1345 1322 1298 1273 1249 1225 1200 

900 1733 1710 1687 1663 1640 1616 1593 1569 1545 1521 1497 1473 1449 1424 1400 1375 1351 1326 1301 1276 1251 1226 

925 1772 1748 1725 1701 1676 1652 1628 1603 1579 1554 1529 1505 1480 1455 1430 1404 1379 1354 1328 1302 1277 1251 

950 1811 1786 1762 1737 1712 1687 1662 1637 1612 1586 1561 1536 1510 1484 1459 1433 1407 1381 1354 1328 1302 1275 

975 1980 1823 1798 1772 1747 1721 1696 1670 1644 1618 1592 1566 1540 1513 1487 1460 1434 1407 1380 1353 1326 1299 

1000 1980 1980 1980 1807 1781 1755 1729 1702 1676 1649 1622 1595 1569 1542 1514 1487 1460 1432 1405 1377 1349 1322 

1025 1980 1980 1980 1980 1815 1788 1761 1734 1706 1679 1652 1624 1597 1569 1541 1513 1486 1457 1429 1401 1372 1344 

1050 1980 1980 1980 1980 1980 1820 1792 1765 1737 1709 1681 1653 1624 1596 1568 1539 1511 1482 1453 1424 1395 1365 

1075 1980 1980 1980 1980 1980 1980 1823 1795 1767 1738 1709 1680 1652 1623 1593 1564 1535 1506 1476 1446 1417 1387 

1100 1980 1980 1980 1980 1980 1980 1980 1825 1796 1766 1737 1708 1678 1648 1619 1589 1559 1529 1499 1468 1438 1407 

1125 1980 1980 1980 1980 1980 1980 1980 1980 1824 1794 1764 1734 1704 1674 1643 1613 1582 1551 1520 1490 1458 1427 

1150 1980 1980 1980 1980 1980 1980 1980 1980 1980 1822 1791 1760 1729 1698 1667 1636 1605 1573 1542 1510 1479 1447 

1175 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1817 1786 1754 1722 1691 1659 1627 1595 1563 1530 1498 1466 

1200 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1810 1778 1746 1714 1681 1649 1616 1583 1550 1517 1484 

Source: California Energy Commission
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a. Measuring Solar Irradiance  

Solar irradiance shall be measured using an irradiance meter. When making this measurement, the 
PV installer or verifier shall place the irradiance meter in a plane parallel to the PV modules. The PV 
installer should position the irradiance meter on top of the PV modules or on the roof next to the PV 
modules. If t he verifier  is not able to get on the roof, he or she shall position the irradiance meter such 
that it is in full sun and is in plane that is parallel to the PV modules. Digital protractors or other 
instruments may be used to properly position the  irradiance meter .  

b.  Measuring Ambient Air T emperature  

Ambient air temperature shall be measured with a digital thermometer in the shade. The instrume nt 
shall have an accuracy of ± 2o C. 

c. Observ ing AC Power Output at the Inverter  

The PV installer and the verifier shall observe and record the reading as soon as possible after making 
the measurements of solar irradiance and ambient temperature. The inverter may cycle between 
multiple readings (total kWh of production, AC power output , and so forth), so the PV installer or 
verifier will need to wait until the power is displayed and record this reading . Several readings should 
be made to make sure that they  are consistent and stable.  

d.  Multiple Orientation Arrays  

Multiple orientation arrays are those  with parallel strings, each with  an equal number of modules, in 
different  orientation s (azimuth and tilt) connected to the same inverter.87  When parallel strings in 
different orientations are connected to the same inverter, separate calculator output reports  shall be 
prepared for each orientation , and solar irradiance shall be measured separately in a plane parallel to 
each orientation . The expected AC power output is determined separately for each orientation , and 
the sum is used for verification.  

For example, a qualify ing 3 kW PV system has 20 modules grouped evenly in to two parallel strings  of 
10 modules each, one facing south with an azimuth of 170 degrees and one facing west with an 
azimuth of 260 degrees. The verifier evaluates system performance at 11:30 a.m. in March with an 
ambient temperature of 62°F. The verifier measures 950 W/m² of solar irradiance in the plane 
parallel to the south array and 500 W/m² in a plane parallel to the west -facing array.88 

The total expected AC power output table on the output report  indicates that the system should be 
producing 1,200 W at 950 W/m² and 7 00 W at 500 W/m² of solar irr adiance. The expected AC power 

 

87  Su bstantial reductions in performance will result if there are different numbers of modules in each string or if t he strings 
w ith different orientations are connected in series.  

88  When testing sy stems with multiple orientation arrays, the solar irradiance levels on all arrays must remain constant within 
± 5  percent as discussed in Verification of System Performance above. 
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output is calculated as 1,900 W by  summation of the expected AC power output (1,200 W + 7 00 W = 
1,900 W) of each orientation. This calculated value must be compared to the inverter display.  

7. Installer System Inspection  
These steps89  shall be followed by the PV installer if the program administrator allows for the 
exemption from performing the field verification protocol. The PV installer shall complete the 
following steps under relatively stable  solar irradiance conditions and submit a copy of a signed 
certificate of completing the same on every system.  

These steps are applicable only for systems that have two or m ore source circuits 
( strings )  connected in parallel to the same inverter  and where the s ource circuits 
being evaluated receive consistent solar irradiance by  having the same azimuth and 
tilt and being subject to consistent shading im pacts . For all other systems, the PV installer 
shall follow the same protocol as the field verifier.  

1. Complete a v isual check of the system to ensure the modules and all other system 
components are bolted securely, and all wiring connections have been made properly 
according to the system schematic, 
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1. Responsibilities  
Field verification and diagnostic testing are the responsibility of both the PV system installer and the 
HERS Rater who completes the third-party field verification. The PV  installer shall perform field 
verification and diagnostic testing for every system that is installed. The HERS Rater then performs 
independent third -party field verification and diagnostic testing of the systems. The third -party field 
verification shall b e conducted on a minimum sample of 1 in 15 projects.  

2.  Field Verification and Diagnostic Testing Process  
The field verification and diagnostic testing of solar systems following the FI I process shall follow the 
verification process described in the sections below. Please refer to Appendix C, Section B for 
additional information on testing methodologies . An alternative process deemed equivalent by the 
program administrator may be substituted.  

3.  Relationship to Other Codes, Standards, and Verifica tion  
The local jurisdiction must issue a building permit for the qualifying PV system, either as a separate 
permit or as part of the new construction building permit or retrofit application, and the PV system 
must meet all applicable electrical code, structural code, and building code requirements. In addition, 
the local electric utility will have standards regarding interconnection to the electric grid and other 
matters that shall be complied with.  

The field verification and diagnostic testing procedures described in these guidelines do not substitute 
for normal electrical, structural, or building plan check or field inspection. Nor do they substitute for 
field verification by the local electric utility regarding interconnection to the electric grid.  

4.  Fiel d Verification Visual Inspection  
The v isual inspection described in this protocol verif ies that the modules, inverter, and meter 
specified in the calculator output report are properly installed in the field. The HERS Rater shall use 
binoculars or another m eans to v iew the installation if access to the system is restricted due to 
insurance and liability reasons (sloping or unprotected roof top access for example) and shall verify 
the models and numbers of modules against the cut sheet/invoices. The HERS Rater may rely on 
photographic evidence provided by the installer on the models and numbers of modules and shading, 
but in the absence of such evidence, shall rely on a conservative determination based solely on the 
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c. System Performance Meters  

The PV installer and the HERS Rater shall verify that either a separate system performance meter or 
an inverter with a n integral system performance meter is installed that is the same make and model 
specified on the reservation application form and meets all eligibility requirements for system 
performance meters.  

d.  T ilt and Azimuth  

The PV installer and the HERS Rater shall confirm that the tilt and azimuth (orientation) of the PV 
modules installed in the field are within the eligible ranges of azimuth and tilt .91 In some systems, PV 
modules may be installed in multiple arrays with different tilts and azimuths; in these cases , the tilt 
and azimuth of each array shall be confirmed to be within the allowed range. Any array outside the 
eligible range will not disqualify parts of the system meeting the minimum requirements.  In these 




